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@ Image sensing unit mounted in an eyeball assembly separately from the camera unit 


(57) An object of this invention is to provide an 
image recording unit, which can pivot an image 
recording unit main body having a photograph- 
ing optical system, which includes at least a 
photographing lens and an image pickup ele- 
ment, like the behavior of an eyeball, can realize 
a compact camera as a whole, and can reduce 
noise. In order to achieve this object an image 
recording unit of this invention includes an 
image recording unit main body which accom- 
modates at least a photographing lens and 
photographing apparatus in a case, and has a 
spherical surface portion for defining a driving 
surface at least on the outer surface of the case, 
support means for rotatably supporting the im- 
age recording unit main body to have a crossing 
point of at least two orthogonal axes as a center 
of rotation of the spherical portion, and fric- 
tional driving apparatus for frictionally driving 
the image recording unit main body indepen- 
dently in arbitrary directions by a frictional force 
generated between the driving surface and the 
support mechanism. 
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BACKGROUND OF THE INVENTION 

The present invention relates to an image record- 
ing unit which can pivot an image recording unit main 
body formed into. e.g.. a spherical shape, in the direc- 
tion of a photographing object like the behavior of an 
eyeball, and a camera having the image recording 
unit 

As a conventional mechanism for changing the 
photographing direction of a camera, a system in 
which a camera main body is attached onto a rotary 
base (panhead). and the rotary base is motor-driven 
has been proposed. 

However, in the above-mentioned conventional 
mechanism for changing the photographing direction 
of the camera, a driving device for rotation is arranged 
outside the camera main body, resulting in a large 
structure. In this case, attainable size reduction of a 
device for fetching an image is limited. In particular, 
in order to assemble this device in a robot's eye (im- 
age input device), the conventional structure has a 
considerable limitation in size. 

Noise upon driving is not small in the convention- 
al mechanism since a device for rotation is arranged 
outside the camera main body in the conventional 
mechanism. 

SUMMARY OF THE INVENTION 

The present invention has been made in consid- 
eration of the above situation, and has as a concern 
to provide an image recording unit which pivots an 
image recording unit main body with a photographing 
optical system, which includes at least a photograph- 
ing lens and an image pickup element, like the behav- 
ior of an eyeball in place of rotating a camera itself to 
which the photographing optical system is attached, 
and which unit can make the camera compact as a 
whole, and can reduce noise. 

It is another concern of the present invention to 
provide a compact, lightweight, low-noise camera at- 
tached with the image recording unit which can real- 
ize the above object. 

One aspect of the application is to provide an im- 
age pickup device or a camera which has a unit main 
body including an imaging lens and an image pickup 
means or a film in a support member having a sphe- 
rical portion on its outer surface, and a driving unit for 
independently rotating the unit main body about at 
least two orthogonal axes. 

An image recording unit according to another as- 
pect of the present invention is characterized by the 
following arrangement 

More specifically, there is provided an image re- 
cording unit comprising: an image recording unit main 
body which accommodates at least an imaging lens 
and one of image pickup means and a film in a case, 
and has a spherical surface portion for defining a driv- 


ing surface at least on an outer surface of the case: 
support means for rotatabty supporting the image re- 
cording unit main body to have a crossing point of at 
least two orthogonal axes as a center of rotation of 
5 the spherical portion: and frictional driving means for 
f rictionally driving the image recording unit main body 
independently in arbitrary directions by a frictional 
force generated between the driving surface and the 
support means. 
w With the above arrangement, the image record- 

ing unit main body can be pivoted like the behavior of 
an eyeball, and a photographing operation can be 
performed by pivoting only the image recording unit 
main body in an arbitrary direction. Since the driving 
is operation of the image recording unit main body de- 
pends on frictional driving between the support 
means and the image recording unit quiet and 
smooth pivotal motion can be attained. Furthermore, 
as compared to a conventional mechanism which piv- 
20 ots the entire camera using a panhead, since only the 
image recording unit main body is driven, a driving 
toad is small, arid power consumption can be saved. 
In addition, since the conventional mechanism using 
the panhead drives the entire heavy camera using a 
25 reduction mechanism* the output must be increased 
to increase the pivot speed, and it is difficult to stop 
the camera at a desired position due to a large mo- 
ment of inertia. In contrast to this, since an object to 
be driven is the lightweight image recording unit main 
30 body, the pivot speed can be increased, and position- 
ing precision can be improved. Furthermore, the im- 
age recording unit main body can be driven to have a 
crossing point of three orthogonal axes as a center. 
An image recording unit according to still another 
35 aspect of the present invention is characterized by the 
following arrangement. 

That is, there is provided an image recording unit 
comprising: an image recording unit main body which 
accommodates at least a photographing lens and 
40 photographing means in a case: two-axial direction 
support means, having a crossing point between or- 
thogonal first and second axes as a center of rotation 
of the image recording unit main body, for indepen- 
dently pivotally supporting the image recording unit 
45 main body to have the first and second axes as cen- 
ters; and driving means for driving the image record- 
ing unit main body independently in the two axial di- 
rections. 

With this arrangement, the same effect as in the 
50 above-mentioned arrangement can be obtained. In 

addition, since the image recording unit main body is 

supported by the two- axial direction support means. 

the image recording unit main body can be reliably 

moved in each axial direction. 
55 A camera according to the present invention is 

characterized by the following arrangement 

That is, an image recording unit described in any 

one of appended ciaims 1 to 1 3 is attached to a cam- 
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era main body. 

With this arrangement, a photographing opera- 
tion can be performed by turning the image recording 
unit in an arbitrary direction without pivoting the cam- 
era itself. 

Other features and advantages besides those 
discussed above shall be apparent to those skilled in 
the art from the description of a preferred embodi- 
ment of the invention which follows. In the description, 
reference is made to accompanying drawings, which 
form a part hereof, and which illustrate an example of 
the invention. Such example, however, is not exhaus- 
tive of the various embodiments of the invention, and 
therefore reference is made to the claims which follow 


Figs. 14Aand 14B are top views showing the 11th 
embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
5 EMBODIMENTS 

The preferred embodiments of the present inven- 
tion will be described in detail hereinafter with refer- 
ence to the accompanying drawings. 

(First Embodiment) 

Fig. 1 is a perspective view showing an image re- 
cording unit according to the first embodiment. 

Referring to Fig. 1, reference numeral 1 (1a and 
1 b) denotes piezoelectric elements for forming a trav- 
eling wave around the X-axis and a traveling wave 
around the Y-axis in a spherical rotary unit fixing 
frame 2 (to be described later) upon application of 
driving frequency voltages. When a driving frequency 
voltage is applied to the pair of piezoelectric elements 
1a which are arranged to oppose each other in the 
horizontal direction, a traveling wave around the Y- 
axis is formed in the fixing frame 2. When a driving 
frequency voltage is applied to the pair of piezoelec- 
tric elements 1b which are arranged to oppose each 
other in the vertical direction, a traveling wave around 
the X-axis is formed in the fixing frame 2. 

These traveling waves cause the surface partic- 
les on the fixing frame 2 as an elastic member to 
make an elliptic motion, and frictionally drive a sphe- 
rical rotary unit 5 (to be described later) which is in 
press contact with the formation surfaces of the trav- 
eling waves. In this embodiment, the traveling waves 
are formed by the two pairs of opposing piezoelectric 
elements 1 a and 1 b. Alternatively, the traveling wave 
may be formed by each piezoelectric element More 
specifically, when a traveling wave is formed in a pre- 
determined direction in a vibration elastic member at- 
tached to one piezoelectric element, frictional driving 
forces are generated at a total of four positions. Note 
that the principle of formation of the traveling wave is 
known to those who are skilled in the art, and a de- 
tailed description thereof will be omitted. When two 
standing waves having a 90° phase difference there- 
between are formed by a piezoelectric element on a 
vibration elastic member, the surface part ides on the 
vibration elastic member make an elliptic motion upon 
synthesis of the two standing waves. With this elliptic 
motion, a member which is in press contact with the 
vibration elastic member is frictionally driven. If fre- 
quency voltages which are in phase with each other 
are applied to the piezoelectric elements which form 
two standing waves, no elliptic motion is formed, only 
standing waves are formed, and the vibration elastic 
member and the other member are in press contact 
with each other at the peaks of the waves in a point 
contact manner. 


the description for determining the scope of the inven- is 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the first em- 20 
bodiment of an image recording unit according to 
the present invention; 
Fig. 2 is a side sectional view of Fig. 1; 
Figs. 3A to 3E are views showing modifications 
of a spherical rotary unit fixing frame; 25 
Figs. 4A to 4D are views showing modifications 
of a spherical rotary unit; 

Fig. 5 is a block diagram showing an image rec- 
ognition apparatus according to the second em- 
bodiment of the present invention; 30 
Fig. 6 is a block diagram showing an infrared ray 
image recognition apparatus according to the 
third embodiment of the present invention; 
Fig. 7 is a block diagram showing a stereoscopic 
image input apparatus according to the fourth 35 
embodiment of the present invention: 
Figs. 8A and 8B are respectively a block diagram 
and a schematic view showing a camera shake 
correction apparatus according to the fifth em- 
bodiment of the present invention; 40 
Fig. 9 is a schematic perspective view showing 
the sixth embodiment of the present invention; 
Fig. 10 is a schematic perspective view showing 
the seventh embodiment of the present inven- 
tion; 45 
Figs. 11 A to 11 D show the eighth embodiment of 
the present invention, in which Fig. 11 A is a top 
view. Fig. 11 B is a front view. Fig. 11C is a right- 
side view, and Fig. 11 D is a rear view; 
Figs. 12A to 12D show the ninth embodiment of so 
the present invention, in which Fig. 12A is a top 
view, Fig. 12B is a front view, Fig. 12C is a right- 
side view, and Fig. 1 2D is a rear view; 
Figs. 1 3A and 1 3B are top views showing the 1 0th 
embodiment of the present invention, in which 55 
Fig. 13A shows a modification of the ninth em- 
bodiment, and Fig. 13B shows a modification of 
the eighth embodiment; and 
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Reference numeral 2 denotes a spherical rotary 
unit fixing frame which fixes the piezoelectric vibra- 
tion elements 1 a and 1 b. and also fixes the entire unit 
in the camera. The fixing frame 2 consists of. e.g.. an 
elastic member such as a metal. In this embodiment, 
the piezoelectric elements 1 are provided to the sphe- 
rical rotary unit fixing frame 2 to form traveling waves. 
Alternatively, piezoelectric elements for forming trav- 
eling waves may be provided to the spherical rotary 
unit 5 (to be described later). 

Reference numeral 3 denotes an optical lens 
which is used for attaining condensing, focusing, and 
zooming operations; 4, an image pickup element 
(CCD) for converting an image obtained via the opti- 
cal lens 3 into an electrical signal; and 5. a spherical 
rotary unit which accommodates the optical lens 3 
and the image pickup element 4 in a case. The sphe- 
rical rotary unit 5 is rotatable about the X- and Y-axes 
by the traveling waves which are excited by the pie- 
zoelectric elements 1 and cause an elliptic motion in 
the rotary unit fixing frame 2. which is in press contact 
with the rotary unit 5. When in-phase frequency vol- 
tages are applied to the piezoelectric elements serv- 
ing as a support axis of rotation (e.g., the piezoelec- 
tric elements arranged in the vertical direction when 
the unit is rotated about the Y-axis), since these pie- 
zoelectric elements do not form traveling waves, a 
point contact bearing is constituted at that portion, 
and the spherical rotary unit can be smoothly rotated. 

Reference numeral 6 denotes a direction sensor 
for detecting the rotational angle of the spherical ro- 
tary unit 5 with respect to the camera main body; and 
7, 8, 9. and 1 0. an image signal line for sending image 
information from the image pickup element 4, a direc- 
tion control signal line for sending information for driv- 
ing the piezoelectric elements 1 . a lens control signal 
line for controlling the optical lens 3. and a direction 
sensor signal line for sending information from the di- 
rection sensor 6. respectively. 

Fig. 2 is a side sectional view which is provided 
for the purpose of easy understanding of the structure 
of this embodiment. Referring to Fig. 2. reference nu- 
meral 11 denotes an image processing apparatus for 
reconstructing electric information from the image 
pickup element 4 as an image; 12. a direction control- 
ler for changing the direction of the spherical rotary 
unit 5 by driving the piezoelectric elements 1 ; and 13, 
a lens controller for controlling the focusing and 
zooming operations of the optical lens 3. The move- 
ment of the spherical rotary unit 5 is controlled while 
the rotational position of the spherical rotary unit 5 is 
confirmed by the direction sensor 6 and is constantly 
fed back to the direction controller 12. 

The operation of this embodiment will be descri- 
bed below. 

When the spherical rotary unit 5 faces the front 
side of the camera, since the fixing frame 2 to which 
the piezoelectric elements 1 are attached is in press 


contact with the spherical rotary unit 5. the spherical 
rotary unit 5 is fixed, i.e.. in a lock state due to friction 
of the contact surfaces if no voltages are applied to 
the piezoelectric elements 1. More specifically, even 
5 when the camera main body vibrates, the relative di- 
rection of the spherical rotary unit 5 with respect to an 
object to be photographed is maintained. 

When the frame is to be panned in the horizontal 
direction (the spherical rotary unit 5 is rotated in the 
w horizontal direction), driving frequency voltages are 
applied to the pair of right and left piezoelectric ele- 
ments 1a. Then, an elliptic motion having an axis of 
rotation in the Y-axis direction is formed in the fixing 
frame 2 in the X-Y plane. With this elliptic motion, the 
15 spherical rotary unit 5 is rotated about the Y-axis in 
Fig. 1, and can photograph an object to be photo- 
graphed in the right-and-left direction via the optical 
lens 3 and the image pickup element 4. When the fre- 
quency voltages applied to the piezoelectric ele- 
20 ments 1 are stopped, the spherical rotary unit 5 is 
locked at a desired angle by the friction a! force of the 
press contact surfaces. As a result, the direction of 
the spherical rotary unit 5 can be fixed, and the pho- 
tographing direction can be fixed. 
25 Similarly, when the frame is to be panned in the 

vertical direction (the spherical rotary unit 5 is rotated 
in the vertical direction), driving frequency voltages 
are applied to the pair of upper and lower piezoelec- 
tric elements 1b. Then, an elliptic motion having an 
30 axis of rotation in the X-axis direction is formed in the 
fixing frame 2 in the Y-Z plane. With this elliptic mo- 
tion, the spherical rotary unit 5 is rotated about the X- 
axis in Fig. 1 , and can photograph an object to be pho- 
tographed in the vertical direction via the optical lens 
35 3 and the image pickup element 4. When the frequen- 
cy voltages applied to the piezoelectric elements 1 
are stopped, the spherical rotary unit 5 is locked at a 
desired angle by the f rictional force of the press con- 
tact surfaces. As a result, the direction of the spheri- 
40 cal rotary unit 5 can be fixed, and the photographing 
direction can be fixed. 

When the photographing direction is fixed and 
the frame is moved in a tilted direction (the spherical 
rotary unit 5 is rotated in a plane perpendicular to the 
45 Z-axis), voltages are applied to one or two pairs of the 
piezoelectric elements 1 in the vertical and horizontal 
directions to form elliptic motions having the Z-axis in 
Fig. 1 as a center in the same rotational direction on 
the driving surfaces of the piezoelectric elements 1. 
50 Thus, the spherical rotary unit 5 is rotated about 

the Z-axis in Fig. 1. and a tilted image can be photo- 
graphed via the lens 3 and the image pickup element 
4. When the frequency voltages applied to the piezo- 
electric elements 1 are stopped, the spherical rotary 
55 unit 5 is locked at a desired angle by the f rictional 
force of the press contact surfaces, and a photo- 
graphed image can be fixed. 

Furthermore, by combining the above-mentioned 
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rotations, the frame can be oscillated in an arbitrary 
direction (the spherical rotary unit 5 can be rotated 
about an arbitrary axis). Note that the rotational mov- 
ing amount of the spherical rotary unit 5 with respect 
to the camera main body can be confirmed by the di- 
rection sensor 6. 

In addition to the horizontal and vertical direc- 
tions, the rotary unit 5 can be rotated in the tilted di- 
rection. Furthermore, by combining the horizontal 
and vertical rotations, the rotary unit 5 can be smooth- 
ly rotated in an arbitrary direction. By utilizing these 
features, the frame can be easily set by a remote con- 
trol operation in a self-timer photographing mode of 
the camera without using a tripod or panhead. In ad- 
dition, this image recording unit can be applied to a re- 
mote control operation of a monitor camera for crime 
prevention. 

Note that the rotary unit 5 need not have a perfect 
spherical shape, but only its rotation range need have 
a spherical shape. For example, in addition to the 
spherical shape shown in Fig. 3A, spherical shape + 
conical shape in Fig. 3B, spherical shape + planar 
shape in Fig. 3C, spherical shape + cylindrical shape 
in Fig. 30. a type having a lens and an image pickup 
element outside a spherical unit in Fig. 3E. and the 
like are available. 

As the type of the spherical rotary unit fixing 
frame and the number and arrangement of piezoelec- 
tric elements, those shown in Figs. 4A to 4D may be 
used. As shown in Fig. 4A, a transparent spherical ro- 
tary unit fixing frame is adopted to widen the view 
field range photographed by the camera. As for the 
number and arrangement of piezoelectric elements, 
the piezoelectric elements may be arranged around 
the spherical rotary unit in a ring pattern, or a large 
number of piezoelectric elements may be arranged, 
as shown in Fig. 4B. Also, as shown in Fig. 4C. the pie- 
zoelectric elements may be arranged to form sym- 
metrical pairs, or to be paired with rotors or low-fric- 
tionai members. Furthermore, as shown in Fig. 4D. a 
driving operation may be realized by only one piezo- 
electric element, and the shape of the piezoelectric 
element such as a circular shape, ring shape, rectan- 
gular shape, polygonal shape, or the like may be se- 
lectively used depending on the rotational direction 
and the arrangement position. 

In place of the driving piezoelectric elements, a 
columnar ultrasonic wave motor or a normal electro- 
magnetic motor may be used. 

In the following description up to the fifth embodi- 
ment, assume that the unit has a spherical shape, and 
two pairs of piezoelectric elements are fixed by a 
stripe-shaped frame to be shifted from each other by 
90°. 

(Second Embodiment) 

Fig. 5 shows the second embodiment. 
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In this embodiment, the first embodiment is ap- 
plied to image processing. An electrical signal ob- 
tained by converting an image by the image pickup 
element 4 in the spherical rotary unit 5 is reconstruct- 

5 ed as an image by the image processing apparatus 
11, and the contents of the image are recognized by 
an image recognition apparatus 14. Depending on 
recognition methods, items such as shape, color, op- 
eration, change, and the like can be recognized. By 

to feeding back information of the image recognition ap- 
paratus 14 to the direction controller 12. a required 
object to be photographed can be automatically se- 
lected and traced. In addition, the ON/OFF state of an 
image recording operation can be automatically 

is switched. 

For example, when a person is selected and 
traced by a monitor camera for crime prevention, the 
image recognition apparatus 14 recognizes a moving 
object to catch the person as an object, so as to per- 

20 form a zoom-up photographing operation of his or her 
face or to trace his or her action. 

(Third Embodiment) 

25 Fig. 6 shows the third embodiment 

In this embodiment, the first embodiment is com- 
bined with various sensors. As the sensors, various 
sensors such as an infrared ray sensor, a tempera- 
ture sensor, an ultrasonic wave sensor, and the like 

30 are available. In this embodiment, an example using 
an infrared ray sensor will be explained. 

Fig. 6 is a schematic diagram showing the ar- 
rangement in which an infrared ray sensor and an im- 
age processing apparatus are arranged in the first 

35 embodiment. Information from an infrared ray sensor 
1 5 is recognized by an infrared ray sensor image rec- 
ognition apparatus 16. Based on information from the 
infrared ray sensor 15, items such as shape, color, 
operation, change, and the like can be recognized. By 

40 feeding back information of the infrared ray sensor 
image recognition apparatus 16 to the direction con- 
troller 12, a required object to be photographed can 
be automatically selected and traced. Also, the 
ON/OFF operation of the camera can be automatical- 

45 ly switched. 

For example, when a person in a dark place is se- 
lected and traced by a monitor camera for crime pre- 
vention, the infrared ray sensor image recognition ap- 
paratus 1 6 recognizes a moving object and a tamp in 

50 the room is turned on to catch the person as an im- 
age, thus allowing a zoom-up photographing opera- 
tion of his or her face or tracing his or her action. 

When another sensor such as an ultrasonic wave 
sensor, a temperature sensor, or the like is used, the 

55 person can be recognized in the same manner as de- 
scribed above. 
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(Fourth Embodiment) 

Fig. 7 shows the fourth embodiment. 

In this embodiment, the first embodiment is ap- 
plied to a stereoscopic image input apparatus for a ro- 
bot or a virtual reality (VR) system. As shown in Fig. 
7, two spherical rotary optical units 5 are assembled 
in a robot or a VR system as the right and left eyes. 
Information signals photographed by the two spheri- 
cal rotary optical units 5 are reconstructed as an im- 
age by the image processing apparatus 11. At the 
same time, the image is supplied to the image recog- 
nition apparatus 14 to analyze the shape, color, and 
movement of an object to be photographed. The im- 
age recognition apparatus 14 supplies a feedback 
signal to the direction controller 12, so that the right 
and left spherical rotary optical units 5 photograph an 
identical object at the centers of the corresponding 
image pickup elements 4. With this processing, a 
stereoscopic image which a photographer would see 
in practice at that place can be realized in a virtual 
space via, e.g., a headmount display. When the fo- 
cusing and zooming operations of the camera are 
performed in correspondence with the visual axis of 
a photographer, the reality of the image can be en- 
hanced. 

If this two-eye system is used, the size and dis- 
tance of an object to be photographed can be calcu- 
lated on the basis of the focusing positions of the opt- 
ical lenses and the rotational angles of the spherical 
rotary units. Furthermore, when the spherical rotary 
units are controlled, the visual axis (the movement of 
the eyeball of a man) of a photographer or observer 
may be detected by a visual axis detection apparatus 
1 9, and the spherical rotary units can be rotated in the 
moving direction of the visual axis. With this arrange- 
ment a natural camera movement, which reflects an 
operator's will can be realized without imposing an 
extra load on an operator. 

(Fifth Embodiment) 

Figs. 8A and 8B show the fifth embodiment 
In this embodiment, the first embodiment is ap- 
plied to a camera shake prevention system or an anti- 
vibration system of visual information of a moving ro- 
bot 

When a camera is held by hands or when a robot 
to which a camera is attached is working or moving, 
an image photographed by the camera blurs due to a 
vibration of the main body. The vibration of the cam- 
era or the robot main body is detected by a camera 
shake sensor 17 shown in Fig. 8A, and a camera 
shake information processing apparatus 18 analyzes 
the direction, amplitude, period, and the like of the vi- 
bration on the basis of the detected information, 
thereby calculating information for canceling the vi- 
bration. The calculated information is fed back to the 


direction controller 12 to rotate the spherical rotary 
optical unit, thereby suppressing an image blur. With 
this processing, as shown in Fig. 8B. even when the 
camera main body vibrates in the vertical and hori- 

5 zontal directions, the direction of the spherical rotary 
optical unit relative to an object to be photographed 
can be maintained. In a conventional camera shake 
prevention mechanism, image quality deteriorates 
due to area movement of electric information, tilt of a 

w variangte prism, and the like. However, by utilizing 
this embodiment high image quality can be assured. 

(Sixth Embodiment) 

is Fig. 9 shows the sixth embodiment 

In the first embodiment described above, the 
spherical rotary unit 5 is f notional I y driven by traveling 
waves generated by the piezoelectric elements. How- 
ever, in this embodiment, as shown in Fig. 9, a pair of 

20 rollers 21 for rotation about the X-axis, and a pair of 
rotters 22 for rotation about the Y-axis are arranged on 
the inner surface side of the fixing frame 2. These roll- 
ers 21 and 22 contact the rotary unit 5. By rotating the 
rollers 21. the spherical rotary unit 5 can be pivoted 

25 about the X-axis passing the center of a sphere. With 
this arrangement, for example, the spherical rotary 
unit 5 can be moved in the horizontal direction from 
a state wherein the visual axis of the camera faces 
forward. On the other hand, by rotating the rollers 22, 

30 the spherical rotary unit 5 can be pivoted about the Y- 
axis passing the center of the sphere. With this ar- 
rangement, for example, the spherical rotary unit 5 
can be moved in the vertical direction from a state 
wherein the visual axis of the camera faces forward. 

35 As driving sources of these rollers 21 and 22. electro- 
magnetic motors, rod-shaped ultrasonic wave mo- 
tors, and the like may be used. However, the present 
invention is not limited to these. More specifically, the 
rotational shafts (rotors) of motors may be coupled to 

40 the rotational shafts of the rollers 21 and 22. By ro- 
tating the pair of rollers 21 in the same rotational di- 
rection, the rotary unit may be moved in the horizontal 
direction. By rotating the pair of rollers 22 in the same 
direction, the rotary unit may be moved in the vertical 

45 direction. Note that the rotation control of the motors 
is achieved by the direction controller shown in Fig. 2 
by issuing a rotational direction command thereto. 

(Seventh Embodiment) 

50 

Fig. 10 shows the seventh embodiment 
In the sixth embodiment described above, the 
two pairs of opposing rollers 21 and 22 for driving are 
arranged. However, in this embodiment point contact 
55 type rotors 23 and 24 such as ball bearings are ar- 
ranged to face single rollers 21 and 22, respectively. 

In this embodiment since the rotations, in an ar- 
bitrary direction, of the rotors 23 and 24 are not re- 
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stricted at all. they can be rotated in combination with 
the rollers 21 and 22. With this arrangement, the 
spherical rotary unit 5 can be rotated about an arbi- 
trary axis of rotation. In this embodiment as well, the 
driving motors are provided to the rollers 21 and 22 as 
in the sixth embodiment. 

(Eighth Embodiment) 

Figs. 11A to 11 D show the eighth embodiment. 

Reference numeral 26 denotes a first support bar 
having a semi-arcuated shape; and 27, a second sup- 
port bar having a semi-arcuated shape. These first 
and second support bars 26 and 27 are concentrically 
arranged outside the spherical rotary unit 5. and re- 
spectively have the X- and Y-axes passing the center 
of rotation of the spherical rotary unit 5 as axes of ro- 
tation. Central slits 26a and 27a are respectively 
formed at the centers of the first and second support 
bars 26 and 27 to extend in their longitudinal direc- 
tion. These central slits 26a and 26a engage with an 
engaging member 25 extending outwardly from the 
rotary unit 5, and the engaging member 25 slides 
along these central slits 26a and 27a. In this embodi- 
ment, power cables, signal cables, and the like for the 
optical lens, image pickup element, and the like ex- 
tend through the interior of the engaging member 5. 

Reference numeral 28 denotes a first support 
shaft portion serving as a rotational support shaft of 
the first support bar 26; and 29. a second support por- 
tion serving as a rotational support shaft of the sec- 
ond support bar 27. These first and second support 
shaft portions 28 and 29 are rotatably attached to the 
inner surface side of the fixing frame 2 shown in Fig. 
1 . the camera main body, or a fixing base (not shown). 
Driving motors (not shown) such as electromagnetic 
motors, ultrasonic wave motors, or the like are attach- 
ed to these first and second support shaft portions 28 
and 29. 

Therefore, when the motor for the first support 
shaft portion 28 is driven, the first support bar 26 is 
pivoted about the X-axis, and the engaging member 
25 which engages with the central slit 26a of the first 
support bar 26 slides along the central slit 27a of the 
second support bar 27, thereby pivoting the spherical 
rotary unit 5 about the X-axis. 

On the other hand, when the motor for the second 
support shaft portion 29 is driven, the second support 
bar 27 is pivoted about the Y-axis, and the engaging 
member 25, which engages with the central slit 27a 
of the second support bar 27. slides along the central 
slit 26a of the first support bar 26, thereby pivoting the 
spherical rotary unit 5 about the Y-axis. Furthermore, 
when these driving motors are rotated at the same 
time, the spherical rotary unit 5 can be quickly rotated 
in an arbitrary direction. 


(Ninth Embodiment) 

Figs. 12A to 12D show the ninth embodiment. 
In the eighth embodiment described above, the 

5 , engaging member 25 engages with the central slits 
26a and 27a formed at the centers of the first and sec- 
ond support bars 26 and 27. However, in this embodi- 
ment, no central slits are formed on the first and sec- 
ond support bars 26 and 27. A slidable coupling mem- 

10 ber 32 is attached to both the first and second support 
bars 26 and 27. and engages with the engaging mem- 
ber 25. 

Therefore, as in the eighth embodiment, when 
the driving sources for the first and second support 
is shaft portions are operated, the coupling member 32 
can be moved along the first and second support bars 
26 and 27, thereby rotating the spherical rotary unit 
5 via the engaging member 25. 

20 (10th Embodiment) 

Figs. 13Aand 13B show the 10th embodiment. 
In the eighth and ninth embodiments described 
above, the first and second support shaft portions 28 

25 and 29 serving as rotational support shaft portions of 
the first and second support bars 26 and 27 are driven 
by the motors to pivot the spherical rotary unit 5. How- 
ever, in a modification of the ninth embodiment 
shown in Fig. 13A, gear portions 26b and 27b are re- 

30 spectively formed on the surfaces of the first and sec- 
ond support bars 26 and 27. A first motor 33 having 
a motor gear which meshes with the gear portion 26b. 
and a second motor 34 having a motor gear which 
meshes with the gear portion 27b are respectively at- 

35 tached to the coupling member 32, and the spherical 
rotary unit 5 is pivoted via the engaging member 25, 
which engages with the coupling member 32. 

In a modification of the eighth embodiment 
shown in Fig. 13B. the coupling member 32 is slidably 

40 coupled to the first and second bars 26 and 27, and 
also serves as a mount base of the driving motors 33 
and 34. The engaging member 25 engages with the 
central slits. 

In this embodiment, the first and second support 

45 bars 26 and 27 are driven in the vicinity of the engag- 
ing member 25 in place of driving their rotational sup- 
port shafts unlike in the eighth and ninth embodi- 
ments. Therefore, a sufficient driving operation can 
be assured even by a small torque, and high-speed, 

so high-precision positioning can be realized. 

(11th Embodiment) 

Figs. 14Aand 14B show the 11th embodiment 
55 In this embodiment, the embodiments shown in 

Figs. 12A to 138 are combined. In Fig. 14A. the pivot 
support shaft of the first support bar 26 is pivoted 
about the X-axis by a driving motor to pivot the sphe- 


7 


13 


EP 0 661 871 A1 


14 


ricat rotary unit 5 about the X-axis. By driving the driv- 
ing motor 33 of the coupling member 32 slidably at- 
tached to the first support bar 26. the spherical rotary 
unit 5 can be pivoted about the Y-axis via meshing be- 
tween the gear portion 26b of the first support bar 26 
and the motor gear. 

In Fig. 14B, the pivot support shaft of the second 
support bar 27 is pivoted about the Y-axis by a driving 
motor (not shown) to pivot the spherical rotary unit 5 
about the Y-axis. By driving the driving motor 34. the 
spherical rotary unit 5 is pivoted about the X-axis via 
meshing between the gear portion 27b of the second 
support bar 27 and the motor gear. 

In this embodiment the spherical rotary unit can 
be pivoted in an arbitrary direction by only one sup- 
port bar. 

Note that in place of attaching the driving source 
to the coupling member 32. the coupling member 32 
may be driven by an endless pivot wire (belt) or the 
like. 

(12th Embodiment) 

In the embodiments shown in Figs. 11 A to 12D. 
since the first and second support bars 26 and 27 
have crossing portions therebetween, they can be 
driven using the principle of an electromagnetic linear 
motor. 

For example, in the arrangement shown in Figs. 
11 A to 11D, when electromagnets for generating S 
and N poles are assembled in the first and second 
support bars 26 and 27. the support bar on the energ- 
ization control side can be moved in a desired direc- 
tion with respect to the other support bar whose S and 
N poles do not change. 

In the arrangement shown in Figs. 12A to 120. 
magnets for generating S and N poles are assembled 
in the first and second support bars 26 and 27, elec- 
tromagnets for generating S and N poles are assem- 
bled in the coupling member 32 in correspondence 
with the first and second support bars 26 and 27. and 
the coupling member can be moved by controlling the 
electromagnets assembled in the coupling member. 

(13th Embodiment) 

In the eighth to 12th embodiments described 
above, in order to align the spherical rotary unit 5 in 
an arbitrary direction, the position of the spherical ro- 
tary unit must be detected by some method, and must 
be feedback-controlled. This method will be ex- 
plained below. 

(First Control Method) 

Independently of whether driving sources are ar- 
ranged in the support shaft portions of the first and 
second support bars or a driving source is arranged 


in the coupling member, the positions of the support 
bars and the coupling member are detected as angle 
information, and the obtained two pieces of angle in- 
formation are feedback-controlled together with the 
5 angle coordinate position having, as a center, a home 
position where the spherical rotary unit 5 faces for- 
ward. 

(Second Control Method) 

w 

The positions of the crossing points of the two 
support bars are detected as distance information 
from the home position, and two distance values are 
feedback-controlled together with the distance coor- 
i5 dinate position having the home position as the cen- 
ter. 

(Third Control Method) 

20 The rotational angles or moving distances of the 

first and second driving sources or support bars are 
extracted as electrical signals, and two angle values 
are feedback-controlled together with the angle coor- 
dinate position having the home position as the cerv 

25 ter, thereby performing direction control. 

(Fourth Control Method) 

An angle sensor comprising a vibration gyro such 
30 as an angular velocity sensor, a piezoelectric sensor, 
or the like is arranged in the spherical rotary unit 5, 
and angle information from the angular velocity sen- 
sor is fed back to the driving sources together with the 
angle coordinate position having the home position 
35 as the center, thereby performing direction control. 

(14th Embodiment) 

In the eighth to 12th embodiments described 
40 above, the spherical rotary unit 5 is rotated about the 
X- and Y-axes. Alternatively, the first and second sup- 
port bars may be supported and fixed on the main 
body via a ring-shaped gyro rotary mechanism which 
is perpendicular to the two arcs of these bars, thus ro- 
45 tating the spherical rotary unit 5 about the Z-axis as 
well. 

In each of the above embodiments, an optical im- 
age from the imaging lens is received by the image 
pickup element Alternatively, a film may be arranged 
so in place of the image pickup element to constitute a 
still camera. 

As described above, according to each of the 
above embodiments, the image recording unit main 
body can be pivoted like the behavior of an eyeball, 
55 and a photographing operation can be performed by 
pivoting only the image recording unit main body in an 
arbitrary direction. Since the driving operation of the 
image recording unit main body depends on friction al 
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driving between the support means and the image re- 
cording unit, a quiet and smooth pivotal motion can be 
attained. Furthermore, as compared to a convention- 
al mechanism which pivots the entire camera using a 
panhead, since only the image recording unit main 
body is driven, the driving load is small, and power 
consumption can be saved, tn addition, since the con- 
ventional mechanism using the panhead drives the 
entire heavy camera using a reduction mechanism, 
the output must be increased to increase the pivot 
speed, and it is difficult to stop the camera at a de- 
sired position due to a large moment of inertia. In con- 
trast to this, since an object to be driven is the light- 
weight image recording unit main body, the pivot 
speed can be increased, and positioning precision 
can be improved. Furthermore, the image recording 
unit main body can be driven to have a crossing point 
of three orthogonal axes as a center. 

Since the image recording unit main body is sup- 
ported by the two-axial direction support means, the 
image recording unit main body can be reliably moved 
in each axial direction. 

Since the case itself to be rotated has a spherical 
shape as a whole, the image recording unit main body 
can be easily supported, and a free pivotal motion can 
be assured. 

The image recording unit main body can be piv- 
oted in an arbitrary direction by a simple arrange- 
ment, i.e.. by arranging electro- mechanical energy 
conversion elements for forming traveling waves 
such as piezoelectric elements on the driving surface 
or support means side. This driving method is very 
quiet, and guarantees a very small pivotal motion and 
realizes high-precision positioning. 

A compact, simple driving mechanism can be ob- 
tained. 

Since the rotors comprise low-friction a I members 
including bearings, and are driven in corresponding 
axial directions by the driving rollers opposing the ro- 
tors, the same amounts of rotation can be obtained by 
the two driving rollers and movements in the two axial 
directions can be smoothly achieved. 

Since the image recording unit main body is piv- 
oted using the first and second support members, a 
reliable pivotal motion can be assured. 

Since the first and second support members can 
have shapes matching the spherical image recording 
unit main body, a compact structure can be efficiently 
realized, resulting in high efficiency in the entire 
structural space. 

Since the driving means directly drives the cou- 
pling means, the image recording unit main body can 
be pivoted even by a small torque, and high-speed, 
high-precision driving control can be realized. 

The image recording unit can be freely moved in 
two orthogonal axial directions by a single support 
member. 

The photographing main body can be pivoted in 


a desired direction by feedback control, and high- 
speed, high-precision control can be realized with low 
power consumption. 

In addition, a photographing operation can be 

5 performed by turning the image recording unit in an 
arbitrary direction without pivoting the camera itself. 

The present invention is not limited to the above 
embodiments and various changes and modifica- 
tions can be made within the spirit and scope of the 

10 present invention. Therefore, to apprise the public of 
the scope of the present invention the following 
claims are made. 


15 Claims 

1. An image recording unit comprising: 

an image recording unit main body which 
accommodates at least an imaging lens and one 
20 of image pickup means and a film in a case, and 

has a spherical surface portion for defining a driv- 
ing surface at least on an outer surface of the 
case; 

support means for rotatably supporting 
25 said image recording unit main body to have a 

crossing point of at least two orthogonal axes as 
a center of rotation of the spherical portion; and 
frictional driving means for frictionall yd riv- 
ing said image recording unit main body indepen- 
30 dently in arbitrary directions by a frictional force 

generated between the driving surface and said 
support means. 

2. The image recording unit according to claim 1. 
35 wherein the case is formed in a spherical shape 

as a whole. 

. 3. The image recording unit according to claim 1, 
wherein said frictional driving means comprises 
40 electro-mechanical energy conversion elements 

for forming traveling waves, and said electro- 
mechanical energy conversion elements are in 
press contact with the driving surface or said sup- 
port means. 

45 

4. The image recording unit according to claim 3. 
wherein said electro-mechanical energy conver- 
sion elements for forming traveling waves are ar- 
ranged in correspondence with the driving direc- 

50 tions of the axes. 

5. The image recording unit according to claim 3, 
wherein said electro-mechanical energy conver- 
sion elements for forming traveling waves inte- 

55 g rally achieve driving operations in the respective 

axial directions. 

6. The image recording unit according to claim 1, 
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wherein said frictional driving means comprises 
driving rollers arranged between the driving sur- 
face and said support means. 

7. The image recording unit according to claim 6. 
wherein one pair of said driving rollers are ar- 
ranged in correspondence with each of the driv- 
ing axial directions. 

8. The image recording unit according to claim 6, 
wherein said frictional driving means comprises a 
pair of a driving roller and a rotor opposing said 
driving roller in correspondence with each of the 
driving axial directions. 

9. The image recording unit according to claim 1 , 
further comprising detection means for detecting 
a position of said image recording unit main body, 
and control means for driving said frictional driv- 
ing means on the basts of information from said 
detection means to rotate said image recording 
unit main body in an arbitrary direction. 

10. An image recording unit comprising: an image re- 
cording unit main body which accommodates at 
least a photographing lens and photographing 
means in a case; two-axial direction support 
means, having a crossing point between orthogo- 
nal first and second axes as a center of rotation 
of said image recording unit main body, for inde- 
pendently pivotally supporting said image re- 
cording unit main body to have the first and sec- 
ond axes as centers; and driving means for driv- 
ing said image recording unit main body indepen- 
dently in the two axial directions. 

11. The image recording unit according to claim 10, 
wherein the case is formed in a spherical shape 
as a whole. 

12. The image recording unit according to claim 10, 
wherein said two-axial direction support means 
comprises a first support member having the first 
axis as a center of pivotal motion, a second sup- 
port member having the second axis as a center 
of pivotal motion, and coupling means for moving 
said image recording unit main body integrally 
with said first support member, moving said im- 
age recording unit main body integrally with said 
second support member, and independently al- 
lowing the movements of said first and second 
support members without interfering with each 
other. 

13. The image recording unit according to claim 12. 
wherein said first and second support members 
are formed into an arcuated shape. 
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14. The image recording unit according to claim 12, 
wherein said driving means respectively pivots 
said first and second support members. 

5 15. The image recording unit according to claim 12, 
wherein said driving means moves said coupling 
means along longitudinal directions of said first 
and second support members. 

w 16. The image recording unit according to claim 10. 

wherein said two-axial direction support means 
comprises a first support member having the first 
axis as a center of pivotal motion, and coupling 
means coupled to said first support member, and 

15 coupled to said image recording unit main body 

which moves about the second axis perpendicu- 
lar to the first axis. 

17. The image recording unit according to claim 10, 
20 further comprising detection means for detecting 

a position of said image recording unit main body, 
and control means for rotating said image record- 
ing unit main body in an arbitrary direction on the 
basis of information from said detection means. 

25 

18. A camera wherein an image recording unit descri- 
bed in any one of claims 1 to 1 7 is attached to a 
camera main body. 

30 19. A photographing apparatus comprising: 

an image recording unit which accommo- 
dates an imaging lens and one of image pickup 
means or a film, and has a spherical portion on 
an outer surface thereof; and 

35 a driving source for independently pivoting 

said image recording unit about two orthogonal 
axes. 

20. The apparatus according to daim 19. further 
40 comprising support means for pivotally support- 
ing said image recording unit to have a crossing 
point of the two axes as a center of rotation. 

21. The apparatus according to claim 20, wherein 
4$ said driving source has roller means for indepen- 
dently pivoting said image recording unit in cor- 
respondence with the two axes, and said roller 
means are arranged to be in contact with the out- 
er surface of said image recording unit 

50 
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